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(54) Absorbable composite materials for use in the treatment of periodontal disease. 

(57) Absorbable composite materials are des- 
cribed that comprise a collagen matrix reinfor- 
ced with a layer of a bioabsorbable polymer. A 
chemotherapeutic agent is dispersed in the 
composite material. The layer of bioabsorbable 
polymer is preferably a woven, nonwoven or 
knitted mesh layer of a synthetic bioabsorbable 
polymer such as polylactic/polyglycolic acid 
copolymer, or oxidised regenerated cellulose. 
The chemotherapeutic agent may be an antibio- 
tic, an anaesthetic, an antiseptic or an anti- 
inflammatory. Strips of the composite material 
are inserted into the periodontal pocket, where 
they are retained in place and provide effective 
sustained release of the chemotherapeutic 
agent over an extended period. 
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The present invention relates to absorbable com- 
posite materials in the form of a strip or film that are 
specially adapted for the treatment of periodontal dis- 
ease. 

"Periodontal disease" is the term commonly used 
to describe inflammatory disease of the periodontium 
(tooth-surrounding tissue). It is a widespread disease 
in mammals, particularly humans, and chronic inflam- 
matory periodontal disease (CIPD) is the major cause 
of tooth loss in adults. 

CIPD results from the accumulation of dental pla- 
que in the gingival crevice, i.e. the gap between the 
gingiva and the tooth, which is normally about 1mm 
deep. The epithelial attachment to the tooth forms a 
barrier between the external environment in the 
mouth and the tooth-supporting tissues. An increase 
in dental plaque leads to gingivitis, and successive in- 
flammatory reactions cause the progressive erosion 
of the tooth-supporting tissues which are the collage- 
nous fibres and the bone socket in which the tooth 
sits. This erosion is manifested by an enlargement of 
the gingival crevice which may become many millime- 
ters deep. 

Treatment of CIPD has traditionally been focused 
on the destruction or removal of the bacterial plaque 
whose accumulation perpetuates the disease. This is 
commonly practised by one or both of two approach- 
es: surgical intervention and non-surgical treatment. 
The surgical approach comprises reflecting the gin- 
gival tissues to expose the tooth root in order that 
mechanical removal of the plaque may be accom- 
plished directly, by e.g. scraping, the use of ultrason- 
ics or laser methods. Following this debridement, the 
gingival tissue is sutured back in position. This proce- 
dure is time-consuming, painful and requires sub- 
stantial specialist resources. 

The non-surgical approach usually comprises 
limited mechanical debridement (e.g. scraping and ir- 
rigation) via the entrance to the periodontal pocket, 
followed by antibacterial chemotherapy. This chemo- 
therapy may take the form of systemic antibiotics, of 
which tetracyclines and imidazoles are commonly 
used, or the localised application of the antibacterial 
agent via the periodontal pocket. In addition to antibi- 
otics, antiseptics such as chlorhexidine can be intro- 
duced to the periodontal tissues in this manner. Ad- 
vantages of the local administration of antibacterial 
agents are the relatively higher concentrations ach- 
ievable in the periodontal tissues, compared with 
those obtained by systemic therapy, and also a de- 
creased risk of producing bacterial resistance to the 
agent. Furthermore, the use of the non-surgical ap- 
proach is less traumatic for the patient and is less de- 
manding on professional resources. 

For these reasons, the treatment of CIPD by non- 
surgical intervention and locally-applied antimicrobial 
agents is gaining popularity. However, there is a ma- 
jor problem with the delivery of the antimicrobial 



agent to the tissues, and more particularly with main- 
taining sufficiently high concentrations to be thera- 
peutically eff icaceous in a manner which is practical 
and acceptable to the patient. The introduction of the 

5 agent into the periodontal pocket by the injection of a 
solution (e.g. by syringe or pulsed-jet irrigation, see 
Newman, J. Clin Periodontal, 1986, 13: 965-974) of- 
ten results in rapid loss of the agent from the site, eith- 
er by exudation into the oral cavity or by rapid diffu- 

10 sion and dilution in the surrounding tissues, thereby 
requiring repeated applications which are impractical. 
This has led to the need for an appropriate system 
or 'vehicle' for the sustained delivery of the thera- 
peutic agent in order to maintain pharmacologically- 

15 effective concentrations for an acceptably long peri- 
od following a single administration. Considerable ef- 
forts have been made by many in the field to devise 
such a carrier with the requisite degree of bioaccep- 
tibility, mechanical characteristics, retention time and 

20 controlled release properties. 

For example, US-A-4685883 (Jernberg) de- 
scribes a method of local delivery of chemotherapeut- 
ic agents to the periodontal pocket by inserting into 
the periodontal pocket time-release microspheres 

25 comprising the chemotherapeutic agent dispersed in 
a biodegradable solid. A drawback of this method is 
that the time-release microspheres tend to leak out of 
the periodontal pocket. 

US-A-4892736 (Goodson) describes a system 

30 for delivering a chemotherapeutic agent to the site of 
a periodontal infection which comprises a biodegrad- 
able fibre such as an ethylene vinyl acetate (EVA) co- 
polymer fibre containing the chemotherapeutic agent. 
A length of the fibre is inserted into the periodontal 

35 pocket, and is retained there by a retaining means 
such as an elastic band. A drawback of this system is 
that the retaining means tends to cause irritation of 
the infected gum tissue. 

US-A-4933182 (Higashi ef at.) describes a con- 

40 trolled-release pharmaceutical composition in the 
form of a gel, sheet film or bar to be inserted into a 
periodontal pocket. The composition comprises a 
chemotherapeutic agent dispersed in a two-phase 
carrier consisting of: (a) a continuous phase of a wa- 

45 ter-soluble polymer, and (b) a discontinuous phase of 
solid particles that are soluble in the pH range 4.0 to 
6.0 

US-A-4789662 (Thomas-Lerquin ef at.) de- 
scribes a method of treating periodontal disease by 

50 inserting into the periodontal pocket a collagen film 
having a chemotherapeutic agent dispersed therein. 
The collagen film biodegrades slowly in the periodon- 
tal pocket to release the chemotherapeutic agent. 
US-A-4906670 (Higashi ef a/.) describes a medi- 

55 cated film for insertion into the periodontal pocket to 
provide sustained release of a chemotherapeutic 
agent. The film consists of the chemotherapeutic 
agent dispersed in glutaraldehyde cross-linked succi- 
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nylated atelocollagen gel in a 1 to 9 ratio with hydrox- 
ypropyl cellulose. 

EP-A-0388220 (Yissum) describes periodontal 
implants consisting of an effective amount of chlor- 
hexidine gluconate in a water insoluble protein matrix. 
The protein preferably comprises cross-linked gelat- 
in, albumin, an enzyme or fibrinogen. The implant 
may also contain a plasticiser such as glycerol. 

The above-described medicated films for the 
treatment of periodontal disease provide the advan- 
tages of ease of insertion into the periodontal pocket, 
followed by slow release of a chemotherapeutic agent 
over a period of time. The films themselves may be 
formed of biodegradable materials that are compat- 
ible with the periodontal pocket and do not interfere 
with healing. 

However, up until now no completely satisfactory 
slow-release film for the treatment of periodontal dis- 
ease has been developed. This is because of the fol- 
lowing conflicting requirements for the properties of 
the film. 

The first requirement is that the film should be 
stiff when dry so that it is easy for the dental practi- 
tioner to handle and easy to insert deep into the per- 
iodontal pocket. 

The second requirement is that the film should be 
soft and conformable in use, i.e. after it has been in- 
serted into the periodontal pocket. This is to avoid ir- 
ritation of the periodontal pocket by the inserted film. 

The third requirement is that the film should be re- 
tained in the periodontal pocket for extended periods 
without falling out either spontaneously or as a result 
of normal oral hygiene measures, such as flossing or 
brushing, which are required to maintain gingival 
health. 

The fourth requirement is that the film should re- 
lease the chemotherapeutic agent at a slow, control- 
lable rate over an extended period. Preferably, the 
film should remain effective for up to 30 days in situ, 
since inserting a replacement film is inevitably some- 
what traumatic to the periodontal pocket. 

EP-A-01 94192 (Ethnor) describes a bioabsorb- 
able composite material for use as a graft or prosthe- 
sis in surgery. The material comprises a woven or 
knitted mesh of resorbable fibres (such as fibres of a 
copolymer of lactic acid and glycolic acid) embedded 
in a continuous film of collagen. The collagen film ren- 
ders the composite watertight, e.g. for use as an ar- 
terial graft The underlying fibrous structure provides 
sufficient mechanical strength for the composite to 
hold sutures. However, there is no suggestion that 
these composites could be used for controlled re- 
lease of chemotherapeutic agents. 

It has now been found that slow-release chemo- 
therapeutic films that are outstandingly suitable for 
the treatment of periodontal disease may be made by 
dispersing chemotherapeutic agents in composite 
materials similar to those disclosed in EP-A-01 941 92. 



Accordingly, the present invention provides a 
composite material for use in the treatment of period- 
ontal disease, the composite material comprising a 
collagen matrix reinforced with a layer of a bioabsorb- 

5 able polymer and having a chemotherapeutic agent 
dispersed therein. 

Preferably, the collagen is reinforced by a layer of 
a synthetic bioabsorbable material or a modified cel- 
lulose or an alginate. The layer may be in the form of 

10 a continuous or perforated sheet or web. Preferably, 
the layer is a mesh of woven, nonwoven or knitted fi- 
bres. Preferred bioabsorbable polymers include su- 
ture materials such as copolymers of lactic acid and 
glycolic acid, or oxidised regenerated cellulose. Apar- 

15 ticularly preferred synthetic bioabsorbable polymer is 
the polylactic/polyglycolic acid copolymer sold under 
the Registered Trade Mark VICRYL Also particularly 
preferred is the oxidised regenerated cellulose mesh 
sold under the Registered Trade Mark SURGICEL 

20 The collagen matrix may comprise insoluble Type 

I and/or Type III collagen fibres. Alternatively or addi- 
tionally the collagen matrix may comprise soluble col- 
lagen, such as gelatin or atelocollagen or acid soluble 
collagen, or even collagen fibres reconstituted from 

25 these soluble collagens. The collagen may be ob- 
tained from any animal, fish or avian source, but is 
preferably obtained from bovine corium. 

The relative amounts of collagen and bioabsorb- 
able polymer mesh in the composite materials ac- 

30 cording to the present invention may vary widely, de- 
pending on the physical characteristics and the rate 
of dissolution of the composite material that are re- 
quired. The composite preferably comprises from 
10% to 95% by weight of collagen and more prefer- 

35 ably 20% to 60% by weight of collagen. 

The chemotherapeutic agent may comprise an 
antibiotic such as tetracycline, neomycin or metrani- 
dazole. Alternatively or additionally the chemothera- 
peutic agent may comprise a local anaesthetic such 

40 as benzocaine or lidocaine. Alternatively or addition- 
ally the chemotherapeutic agent may comprise an an- 
tiseptic such as iodine, chlorhexidine or a phenolic 
antiseptic. Alternatively or additionally the chemo- 
therapeutic agent may comprise an anti- 

45 inflammatory such as hydrocortisone or indometha- 
cin. 

The chemotherapeutic agent is preferably dis- 
persed in the collagen matrix, but it may alternatively 
or additionally be dispersed in the material of the re- 

50 inforcing layer. Different chemotherapeutic agents 
may be dispersed in the collagen matrix and the re- 
inforcing layer so as to achieve phasic release of the 
different chemotherapeutic agents. 

The chemotherapeutic agent is preferably pres- 

55 ent in an amount of 0.01% to 1 0% by weight based on 
the weight of the composite material. More preferably, 
the chemotherapeutic agent is present in an amount 
of from 0.1 % to 5% by weight based on the weight of 
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the composite material. 

The collagen matrix preferably also contains up 
to 5% by weight, based on the weight of the compo- 
site, of an anionic polysaccharide such as an alginate 
or a glycosaminoglycan, for example hyaluronic acid 
or chondroitin sulphate. These anionic polysacchar- 
ides have soothing and humectant properties and are 
believed to assist wound healing. 

The collagen matrix preferably also contains up 
to 20% by weight based on the weight of the compo- 
site of a plasticiser. Preferred plasticisers include the 
polyhydric alcohols such as glycerol. 

In preferred embodiments the collagen matrix 
may also contain a dispersed oil phase, that is to say, 
the collagen matrix may have microdroplets of an oil 
distributed through it. It has been found that incorpor- 
ation of such an oil phase into the collagen matrix re- 
duces the rate of absorption of the composite material 
when implanted in the periodontal pocket, and also 
reduces the rate of release of the chemotherapeutic 
agent. As a result, incorporation of the oil phase per- 
mits even greater control over the sustained release 
of the chemotherapeutic agent. Furthermore, the oil 
phase provides an excellent vehicle for hydrophobic 
chemotherapeutic agents such as metranidazole. 

The oil phase may be a vegetable oil such as corn 
oil, sesame seed oil or sunflower seed oil, an animal 
oil such as fish oil, or a mineral oil. The oil is prefer- 
ably present in an amount of from 1% to 20% by 
weight, based on the weight of the composite materi- 
al. 

The composite materials according to the present 
invention are preferably made as follows. First, a slur- 
ry of insoluble collagen and/or a solution of soluble 
collagen in a dilute aqueous acid is prepared. Then 
other ingredients of the collagen matrix such as the 
chemotherapeutic agent, the anionic polymer and the 
plasticiser are added to the slurry and the slurry is ho- 
mogenised. If the collagen matrix is to contain a dis- 
persed oil phase, then the oil is added to the slurry 
and homogenised at high shear to emulsify the oil. An 
emulsif ier may optionally be added with the oil, but is 
usually unnecessary because collagen itself acts as 
an emulsif ier. 

The homogenised collagen slurry is then poured 
over the reinforcing layer, which has been laid out in 
a flat-bottomed tray. Once the reinforcing layer is 
covered with the slurry, the water is removed by air- 
drying or freeze-drying, to leave a sheet of the com- 
posite material. 

The reinforcing layer is preferably a layer of com- 
mercially available VICRYL or SURGICEL mesh fab- 
ric. 

The composite materials according to the present 
invention are preferably formed as flat sheets having 
a preferred thickness of 0.5-2.0 mm. The sheets are 
cut into strips, typically measuring 1-10 mm by 1-10 
mm, and these strips are then inserted into the peri- 



odontal pocket. 

Some embodiments of the present invention, and 
their method of manufacture, will now be described 
further by way of example. 

5 

Example 1 

Acomposite material comprising an insoluble col- 
lagen matrix having chlorhexidine and calcium algin- 

w ate dispersed therein is prepared as follows:- 

Fibrous collagen, prewashed to remove the ma- 
jority of non-collagenous components as described in 
US-A-4614794 or US-A-4320201 is suspended in 
clean deionised pyrogen-free water and homogen- 

15 ised to a fine fibrous suspension by passage through 
a homogenising system, such as described in US-A- 
4320201. The collagen suspension is then acidified 
with 0.05 M acetic acid to form a swollen fibrous dis- 
persion. 

20 A homogenised suspension of calcium alginate fi- 

bres is mixed with a solution of chlorhexidine diglu- 
conate in a ratio of 1:1 (w/w) and then blended with 
the suspension of collagen fibres in 0.05 m acetic 
acid. The mixture is degassed and poured onto a 

25 sheet of Vicryl polylactide/polyglycolide polymer 
(Registered Trade Mark) and dried under a stream of 
filtered air at room temperature. The dried composite 
material is cut into 1 0 mm X 2 mm strips. 

30 Example 2 

A composite material comprising a soluble col- 
lagen matrix having chlorhexidine and calcium algin- 
ate dispersed therein is prepared as follows: 

35 Soluble atelopeptide collagen is obtained from 
limed or unlimed bovine corium by extraction with 
pepsin. Finely diced, pulped or minced hide is added 
to 0.05 M acetic acid and agitated for 24 hours with 
pepsin (50:1 collagen:pepsin, w/w) at 20°C. Insoluble 

40 residue is removed by centrifugation and the pepsin 
in the supernatant deactivated by raising the pH to 8.0 
with ammonium hydroxide. The solution of atelocolla- 
gen is reacidif ied with acetic acid, precipitated with 
NaCI (5%, w/v) centrifuged, and redissolved in 0.05 

45 M acetic acid. 

A homogenised suspension of calcium alginate fi- 
bres is mixed with a solution of chlorhexidine glucon- 
ate in a ratio of 1:1 (w/v) and then blended with the 
solution of atelocollagen in 0.05 M acetic acid. The 

so mixture is degassed and poured onto a layer of SUR- 
GICEL (Registered Trade Mark) oxidised regenerated 
cellulose mesh and dried under a stream of filtered air 
at room temperature. 

55 Example 3 

A composite material comprising a cross-linked 
collagen matrix having chlorhexidine and calcium al- 
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ginate dispersed therein is prepared as described in 
Example 2 above, with the additional step of cross- 
linking carried out on the collagen-chlorhexidine-al- 
ginate solution using carbodiimide prior to degassing 
and pouring onto a vicryl mesh. 5 

Example 4 

A composite material wherein the collagen matrix 
is further reinfored by the addition of fibres of oxidised 10 
cellulose is prepared as in Example 1 above, with the 
additional step of adding finely milled fibres of oxised 
cellulose (obtained by carding SURGICEL fabric) to 
the collagen-chlorhexidine slurry prior to degassing 
and pouring the slurry onto a VICRYL mesh layer. 15 

Example 5 

A further composite material wherein the col- 
lagen matrix is further reinforced by the presence of 20 
oxidised regenerated cellulose is prepared by, first, 
dissolving oxidised cellulose fibres in 0.01 M ammo- 
nium hydroxide, followed by adding this solution to a 
solution of atelocollagen in 0.05 M acetic acid pre- 
pared as in Example 2. The resulting precipitated ma- 25 
terial is homogenised to form a slurry, chlorhexidine 
is added to the slurry as described in Examples 1 and 
2, and the slurry is then degassed. The degassed 
slurry is poured onto a sheet of VICRYL mesh and 
dried under flowing filtered air at room temperature. 30 

Example 6 

A composite material wherein the collagen matrix 
comprises a dispersed oil is prepared as follows: 1 .68 35 
g of insoluble bovine fibrous collagen is dispersed in 
598.5 ml of 0.05 M acetic acid solution. 1 .8 g of chlor- 
hexidine gluconate is added to the dispersion, fol- 
lowed by 0.18 g of vegetable oil and 0.1 2 g of glycerol. 
The mixture is homogenised in a Waring blender. The 40 
resulting oil-in-water emulsion is poured over a layer 
of VICRYL mesh in a PVC tray (320 mm x 500 mm) 
and dried under flowing filtered air at room tempera- 
ture. 

45 

Example 7 

A composite material wherein the collagen matrix 
has dispersed therein both an oil phase and metrani- 
dazole as the active agent is prepared as follows. 1 .62 50 
g of fibrous insoluble bovine collagen is dispersed in 
593 ml of 0.05 m acetic acid. 0.18 g of sodium alginate 
is also dissolved in the acetic acid. 1.5 g of metrani- 
dazole is dissolved in 5.0 g of vegetable oil, which is 
then homogenised with the collagen-acetic acid- 55 
alginate slurry in a Waring blender. The resulting 
emulsion is poured onto a layer of SURGICEL mesh 
fabric in a PVC tray (320 mm x 500 mm) and dried in 



flowing filtered air at room temperature. 

The composites described above have been 
found to be exceptionally suitable for the treatment of 
periodontal disease. The composite materials are 
easy to handle and to cut into any desired shape. 
Strips of the materials are sufficiently rigid to be in- 
serted deep into the periodontal pocket Once insert- 
ed, the materials absorb fluid within minutes to be- 
come soft, conformable and comfortable while main- 
taining good structural integrity. The absorbed fluid 
causes the materials to swell so that they fill the per- 
iodontal pocket and are held firmly in place by the 
swelling pressure, without the need for any additional 
retaining means, for up to 30 days. 

This provides for sustained release of the chem- 
otherapeutic agents over an extended period without 
the need to insert a fresh strip every few days. The 
composite materials are completely biocompatible 
and absorbable. 

The above examples are intended byway of illus- 
tration only. Many alternative embodiments falling 
within the scope of the accompanying claims will be 
apparent to the skilled reader. 



Claims 

1. A composite material for use in the treatment of 
periodontal disease, comprising a collagen ma- 
trix reinforced with a layer of a bioabsorbable 
polymer and having a chemotherapeutic agent 
dispersed therein. 

2. A composite material according to claim 1 where- 
in the collagen matrix comprises insoluble col- 
lagen. 

3. A composite material according to claim 1 or 2 
wherein the layer of a bioabsorbable polymer 
comprises a woven, nonwoven or knitted mesh of 
the bioabsorbable polymer. 

4. A composite material according to any preceding 
claim wherein the bioabsorbable polymer is a 
synthetic bioabsorbable polymer or a modified 
cellulose. 

5. A composite material according to claim 4 where- 
in the bioabsorbable polymer comprises a copo- 
lymer of lactic acid and glycolic acid or oxidised 
regenerated cellulose. 

6. A composite material according to any preceding 
claim wherein the chemotherapeutic agent com- 
prises an antibiotic, an anaesthetic, an antiseptic 
or an anti-inflammatory. 

7. A composite material according to any preceding 
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claim wherein the chemotherapeutic agent is 
present in an amount of 0.01% to 10% by weight, 
based on the weight of the composite material. 

8. A composite material according to claim 7 where- 5 
in the chemotherapeutic agent is present in an 
amount of from 0.1% to 5% by weight, based on 

the weight of the composite material. 

9. A composite material according to any preceding 10 
claim wherein the matrix further comprises an 
anionic bioabsorbable polymer in an amount up to 
10% by weight, based on the weight of the com- 
posite material. 

15 

10. A composite material according to any preceding 
claim wherein the matrix further comprises a 
plasticiser. 

11. A composite material according to claim 10, 20 
wherein the plasticiser is a polyhydric alcohol. 

12. A composite material according to any preceding 
claim further comprising an oil phase dispersed 

in the collagen matrix. 25 

13. A composite material according to claim 12 
wherein the oil is present in an amount of from 1 % 
to 20% by weight, based on the weight of the com- 
posite material. 30 

14. A composite material according to any preceding 
claim in the form of a sheet or strip having a thick- 
ness of from 0.5 to 2.0 mm. 

35 

15. A composite material substantially as hereinbe- 
fore described with reference to the examples. 

1 6. Use of a composite material according to any pre- 
ceding claim in the preparation of a medicament 40 
for the treatment of periodontal disease. 
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